Introduction
============

Melanoma is the most lethal form of skin cancer that arises from melanocytes, and although it constitutes only \~4% of all skin cancers it is responsible for \>80% of mortalities in patients with skin cancer ([@b1-ol-0-0-5057]). Since the 1950s, the incidence of melanoma has been rapidly increasing in non-Hispanic white populations worldwide ([@b2-ol-0-0-5057]). Although surgery may cure the majority of patients in early stages of melanoma, patients with distant metastasis have a poor prognosis with a median survival time of only 6--8 months, and \<15% of patients with distant metastatic melanoma survive for 5 years ([@b3-ol-0-0-5057]). Since melanoma has an extremely high metastatic potential, it is crucial to discover factors that are involved in the progression and metastasis of melanoma in an attempt to identify an effective treatment regimen for this devastating disease.

Eukaryotic translation initiation factor (EIF) 5A is best known for its cytoplasmic role in translation regulation as a eukaryotic translation initiation factor ([@b4-ol-0-0-5057],[@b5-ol-0-0-5057]). In mammals, it is encoded by two highly-associated genes EIF5A1 and EIF5A2. However, a number of studies have suggested that EIF5A1 may also be active in the nucleus, particularly in mammals ([@b6-ol-0-0-5057]--[@b8-ol-0-0-5057]). EIF5A1 has been revealed to take part in the nucleocytoplasmic transport of incompletely spliced and unspliced human immunodeficiency virus-1 mRNAs ([@b6-ol-0-0-5057]) that are translocated across the nuclear envelope via chromosomal maintenance 1 (CRM1), which is a member of the importin β family of transport receptors. The main role of CRM1 is to facilitate the translocation of rRNA, U snRNA and ribosomal subunits across the nuclear envelope ([@b9-ol-0-0-5057]). EIF5A1 has also been revealed to be capable of interacting and colocalizing with transport receptor exportin 4, which is another member of the importin β family ([@b8-ol-0-0-5057]). In addition, it has been suggested that EIF5A1 may recognize nitric oxide synthase 2 mRNA in the nucleus and facilitate its transport to the cytoplasm in a CRM1 dependent-manner ([@b10-ol-0-0-5057]). Furthermore in *Saccharomyces cerevisiae*, EIF5A1 appears to be involved in mRNA degradation/turnover, which is a process highly associated with nucleocytoplasmic transport of mRNA ([@b11-ol-0-0-5057],[@b12-ol-0-0-5057]). In summary, these data demonstrate a nuclear activity for EIF5A1 that is possibly associated with cellular mRNA metabolism.

EIF5A2, a phylogenetically conserved vertebrate variant of EIF5A1, was first reported to be highly expressed in testis and colorectal adenocarcinoma, and at moderate levels in the brain ([@b13-ol-0-0-5057]). EIF5A2 shares 83% amino acid identity with EIF5A1 ([@b14-ol-0-0-5057]) and has been associated with various oncogenic roles, including invasion and metastasis, and a poor prognosis in a variety of cancers, such as ovarian cancer ([@b15-ol-0-0-5057]), gastric adenocarcinoma ([@b16-ol-0-0-5057]), colorectal cancer ([@b17-ol-0-0-5057],[@b18-ol-0-0-5057]), hepatocellular carcinoma (HCC) ([@b19-ol-0-0-5057]), ovarian cancer ([@b20-ol-0-0-5057]), non-small cell lung cancer ([@b21-ol-0-0-5057]) and bladder cancer ([@b22-ol-0-0-5057],[@b23-ol-0-0-5057]). However, no studies have investigated the nuclear expression or activity of EIF5A2 in cancer, with the exception of Zender *et al* ([@b24-ol-0-0-5057]), who addressed the importance of nuclear EIF5A2 in HCC.

Previously, the present authors reported an increase in the cytoplasmic expression of EIF5A2 in melanoma and its role in melanoma progression and patient survival ([@b25-ol-0-0-5057]). The present study investigates, using immunohistochemistry and tissue microarray (TMA), the status of nuclear EIF5A2 expression in melanoma. The results revealed that nuclear EIF5A2 is an independent prognostic marker in melanoma, and its expression is significantly increased during melanoma progression. In addition, upregulation of nuclear EIF5A2 was determined to be associated with a significantly poorer 5-year survival rate for all and primary melanoma patients. Furthermore, simultaneous nuclear and cytoplasmic EIF5A2 expression, as well as concurrent nuclear EIF5A2 and matrix metalloproteinase-2 (MMP-2) expression, were associated with a poorer 5-year patient survival rate.

Materials and methods
=====================

### Patient specimens

In total, 459 formalin-fixed, paraffin-embedded human tissues, consisting of 28 common acquired nevi, 49 dysplastic nevi, 242 primary melanomas and 140 metastatic melanomas, were used in the present study. The human skin tissues and the patients\' data were acquired from the 1990--1998 archives of the Department of Pathology, Vancouver General Hospital (Vancouver, Canada), and their use was approved by the Clinical Research Ethics Board of the University of British Columbia (Vancouver, Canada; certificate number H09-01321), in accordance with the Declaration of Helsinki guidelines ([@b26-ol-0-0-5057]). Patient consent was not required under the Canadian law, since the present report is a retrospective study using anonymized data and several patients had already succumbed to the disease.

### TMA construction and immunohistochemistry

TMA construction and immunohistochemical staining were performed as previously described ([@b27-ol-0-0-5057],[@b28-ol-0-0-5057]). Briefly for immunohistochemical staining, the TMA slides were dewaxed by heating at 55°C for 30 min followed by three 5 min washes with xylene. Subsequently, the samples were rehydrated by washing in 100, 95 and 80% ethanol, and distilled water for 5 min each. For antigen retrieval, the samples were heated for 30 min at 95°C in 10 mmol/l sodium citrate (pH 6.0). The samples were incubated with 3% hydrogen peroxide in order to block endogenous peroxidase activity, and were next incubated for 30 min with universal blocking serum (Dako Canada ULC, Mississauga, ON, Canada) and then incubated with a primary rabbit anti-EIF5A2 antibody (dilution, 1:100; catalog no. E9781; Sigma-Aldrich, St. Louis, MO, USA) overnight at 4°C. Subsequently, the slides were incubated for 30 min with a non-diluted biotin-labelled secondary antibody raised in swine (catalog no. K0690; Dako Canada ULC), and then incubated with streptavidin-peroxidase (Dako Canada ULC). Subsequently, the samples were developed with 3,3-diaminobenzidine \[Vector Laboratories (Canada), Inc., Burlington, ON, Canada\] and counterstained with hematoxylin. Dehydration of the sections was performed using a standard procedure and the slides were sealed with coverslips. For blocking experiments, the anti-EIF5A2 antibody was incubated with a 10 times concentration of its synthetic immunogenic peptide (dilution, 1:10; Biomatik Corporation, Cambridge, ON, Canada) at 4°C the night prior to immunohistochemical staining.

### Evaluation of immunostaining

Three independent observers, including one dermatopathologist, from the Departments of Dermatology and Skin Science or Pathology of the University of British Columbia, simultaneously evaluated and scored the nuclear EIF5A2 staining of the TMA, one core at a time, and a consensus score was reached. The intensity of nuclear EIF5A2 staining was scored as 0, 1+, 2+ and 3+ based on visual estimation. The percentage of nuclear EIF5A2-positive cells was scored as follows: 1, 0--25% cells stained; 2, 26--50% cells stained; 3, 51--75% cells stained; and 4, 76--100% cells stained. An immunoreactive score was used to determine the level of nuclear EIF5A2 staining by multiplying the scores of staining intensity and the percentage of positive cells. On the basis of the immunoreactive score, the nuclear EIF5A2 staining pattern was defined as 0, negative; and 1--12, positive ([@b29-ol-0-0-5057],[@b30-ol-0-0-5057]).

### Statistical analysis

Differences in demographics and clinicopathological characteristics and nuclear EIF5A2 expression between patients was evaluated by the χ^2^ test. Survival time was calculated between the date of melanoma diagnosis and the date the patient succumbed to the disease or last follow-up. Kaplan-Meier analysis and log-rank test were used to assess the association between nuclear EIF5A2 expression and patient survival times. The Cox proportional hazards regression model was performed for univariate and multivariate survival analysis. P\<0.05 was considered to indicate a statistically significant difference, and all tests were two-sided. SPSS version 16.0 software (SPSS, Inc., Chicago, IL, USA) was used for all analysis.

Results
=======

### Association between nuclear EIF5A2 expression and clinicopathologic characteristics of melanoma patients

A total of 713 melanoma patients were enrolled for TMA construction. Due to loss of biopsy cores, insufficient tumour cells present in the cores or loss to follow-up, 382 melanoma (primary melanoma, 242 cases; metastatic melanoma, 140 cases) and 77 cases of nevi (common acquired nevi, 28 cases; dysplastic nevi, 49 cases) were evaluated for nuclear EIF5A2 staining. A synthetic immunogenic peptide against anti-EIF5A2 antibody was used in order to validate the specificity of the antibody used for staining, and the results revealed that this peptide considerably blocked nuclear and cytoplasmic EIF5A2 staining ([Fig. 1](#f1-ol-0-0-5057){ref-type="fig"}) ([@b25-ol-0-0-5057]). The clinical features of the melanoma patients are listed in [Table I](#tI-ol-0-0-5057){ref-type="table"}.

Thickness is one feature that is an extremely important prognostic marker for primary melanoma patients ([@b31-ol-0-0-5057]). The present analysis demonstrated that in primary melanoma patients, positive nuclear EIF5A2 expression was exhibited by 58% of melanoma patients with a tumour thickness of \>2 mm, compared with 45% of melanoma patients with a tumour thickness of ≤2 mm (P=0.036; [Table I](#tI-ol-0-0-5057){ref-type="table"}; [Fig. 2A](#f2-ol-0-0-5057){ref-type="fig"}). This suggests that in primary melanoma, nuclear EIF5A2 expression may be induced during the transition between thin and thick melanoma. In all melanoma patients, the expression of nuclear EIF5A2 was detected in 85% of advanced stage melanomas \[American Joint Committee on Cancer (AJCC) stages III and IV\] compared with 51% of early stage melanomas (AJCC stages I and II) (P\<0.001; [Table I](#tI-ol-0-0-5057){ref-type="table"}; [Fig. 2B](#f2-ol-0-0-5057){ref-type="fig"}) ([@b32-ol-0-0-5057]). The association between positive nuclear EIF5A2 expression and melanoma thickness and AJCC stages may be an indication of the involvement of nuclear EIF5A2 expression in melanoma cell invasion.

### Nuclear EIF5A2 expression increases with melanoma progression

To study the alterations in the expression of nuclear EIF5A2 with melanoma progression, immunohistochemical staining was performed on TMA slides and samples were categorized into negative and positive EIF5A2 staining groups ([Fig. 2C and D](#f2-ol-0-0-5057){ref-type="fig"}). Positive nuclear EIF5A2 staining was observed in 29% of common acquired nevi, 31% of dysplastic nevi, 51% of primary melanomas and 85% of metastatic melanomas. Consequently, nuclear EIF5A2 expression was observed to be significantly higher in primary melanomas compared with dysplastic nevi and common acquired nevi (P=0.010 and P=0.026, respectively; [Fig. 2E](#f2-ol-0-0-5057){ref-type="fig"}) and in metastatic melanomas compared with primary melanomas, dysplastic nevi and common acquired nevi (P\<0.001; [Fig. 2E](#f2-ol-0-0-5057){ref-type="fig"}). This suggests the role of nuclear EIF5A2 in the transformation between nevus and malignant tumors and the development of melanoma metastasis. No difference in nuclear EIF5A2 expression was observed between common acquired nevi and dysplastic nevi (P=0.852; [Fig. 2E](#f2-ol-0-0-5057){ref-type="fig"}).

### Nuclear EIF5A2 expression is positively associated with poor patient survival

The present study evaluated the association between nuclear EIF5A2 expression and the 5-year survival rate of primary and metastatic melanoma patients by constructing Kaplan-Meier survival curves. Overall and disease-specific 5-year survival rates were poorer for all (P\<0.001; [Fig. 3A and B](#f3-ol-0-0-5057){ref-type="fig"}) and primary (P=0.014 and P=0.015, respectively; [Fig. 3C and D](#f3-ol-0-0-5057){ref-type="fig"}) melanoma patients with positive staining for nuclear EIF5A2 compared with patients with negative staining. The results from the Kaplan-Meier survival analysis were further supported by univariate Cox proportional hazard regression analysis, which indicated that nuclear EIF5A2 expression was a significant prognostic factor for the overall and disease-specific 5-year survival rates of all melanoma patients \[hazards ratio (HR), 2.26 and 2.27; 95% confidence interval (CI), 1.57--3.27 and 1.56--3.31; P\<0.001; [Table II](#tII-ol-0-0-5057){ref-type="table"}\] and primary melanoma patients (HR, 1.95 and 2.00; 95% CI, 1.14--3.36 and 1.13--3.53; P=0.015 and P=0.017; [Table II](#tII-ol-0-0-5057){ref-type="table"}).

### Nuclear EIF5A2 is an independent prognostic marker for melanoma patients

Results from multivariate Cox regression analysis revealed that nuclear EIF5A2 was an adverse independent prognostic marker for overall and disease-specific 5-year survival rates of all melanoma patients (HR, 1.78 and 1.77; 95% CI, 1.22--2.60 and 1.20--2.62; P=0.003 and P=0.004; [Table III](#tIII-ol-0-0-5057){ref-type="table"}) and primary melanoma patients (HR, 1.78 and 1.90; 95% CI, 1.02--3.12 and 1.06--3.43; P=0.043 and P=0.032; [Table III](#tIII-ol-0-0-5057){ref-type="table"}). For the analysis, gender, age, AJCC and EIF5A2 expression were included for all melanoma patients, and gender, age, tumor thickness, ulceration status, tumor site, histological subtype and EIF5A2 expression were included for primary melanoma patients.

### Concurrent cytoplasmic and nuclear EIF5A2 expression is correlated with a poorer 5-year survival rate for all and primary melanoma patients

Previously, the present authors investigated the expression of cytoplasmic EIF5A2 in melanoma using TMA and revealed that cytoplasmic EIF5A2 expression is a prognostic marker for melanoma patients ([@b25-ol-0-0-5057]). The present study analyzed the association between cytoplasmic and nuclear expression of EIF5A2 using the 382 melanoma cases, and the results revealed that there was a direct association between the positive staining of cytoplasmic and nuclear EIF5A2 (P\<0.001; [Fig. 4A](#f4-ol-0-0-5057){ref-type="fig"}). To further examine this association and its effect on patient survival, the melanoma samples were classified into three groups according to their staining as follows: Category 1, negative cytoplasmic and nuclear EIF5A2 staining; category 2, negative cytoplasmic and positive nuclear EIF5A2 or positive cytoplasmic and negative nuclear EIF5A2 staining; category 3, positive cytoplasmic and nuclear EIF5A2 staining. Based on the results from Kaplan-Meier survival analysis, overall and disease-specific 5-year survival rates for all (P\<0.001; [Fig. 4B and C](#f4-ol-0-0-5057){ref-type="fig"}) and primary (P=0.002; [Fig. 4D and E](#f4-ol-0-0-5057){ref-type="fig"}) melanoma patients were poorest for category 3 patients, best for category 1 patients and intermediate for category 2 patients. Furthermore, multivariate Cox regression analysis demonstrated that the simultaneous positive expression of cytoplasmic and nuclear EIF5A2 (category 3) was an independent prognostic factor for overall and disease-specific 5-year survival for all (HR, 1.87 and 1.87; 95% CI, 1.31--2.68 and 1.28--2.67; P=0.001 and P=0.001; [Table IV](#tIV-ol-0-0-5057){ref-type="table"}) and primary (HR, 2.01 and 2.11; 95% CI, 1.15--3.51 and 1.17--3.78; P=0.014 and P=0.013; [Table IV](#tIV-ol-0-0-5057){ref-type="table"}) melanoma patients.

### Simultaneous expression of nuclear EIF5A2 and MMP-2 is associated with poorer 5-year survival rates for all and primary melanoma patients

Results from the TMA study suggested the involvement of nuclear EIF5A2 for developing melanoma invasion, metastasis and poor patient survival. Since cell invasion is one of the hallmarks of cancer that may lead to increased metastasis and poor patient survival, the association between the expression of nuclear EIF5A2 and MMP-2, which is an important factor in the promotion of cancer cell invasion, was evaluated ([@b33-ol-0-0-5057]). A previous TMA study by the same group indicated that MMP-2 expression was a prognostic marker for melanoma ([@b34-ol-0-0-5057]). As a result, the present study examined the association between the expression of nuclear EIF5A2 and MMP-2 using the same 369 melanoma cases that had been previously analyzed in the aforementioned TMA study ([@b34-ol-0-0-5057]). The result revealed that positive staining of nuclear EIF5A2 was directly associated with strong MMP-2 expression (P=0.015; [Fig. 5A](#f5-ol-0-0-5057){ref-type="fig"}). To more extensively study the association between MMP-2 and nuclear EIF5A2 expression and their effects on patient survival, the samples were classified into three groups based on their staining as follows: Category 1, negative nuclear EIF5A2 expression and negative-moderate MMP-2 expression; category 2, negative nuclear EIF5A2 expression and strong MMP-2 expression or positive nuclear EIF5A2 expression and negative-moderate MMP-2 expression; category 3, positive EIF5A2 expression and strong MMP-2 expression. Kaplan-Meier survival analyses revealed that overall and disease-specific 5-year survival outcomes for all (P\<0.001; [Fig. 5B and C](#f5-ol-0-0-5057){ref-type="fig"}) and primary melanoma (P\<0.001 and P=0.001, respectively; [Fig. 5D and E](#f5-ol-0-0-5057){ref-type="fig"}) patients were most favorable for category 1, least favorable for category 3 and moderate for patients in category 2.

Discussion
==========

Recently, the present authors demonstrated that there was an increase in cytoplasmic EIF5A2 expression with melanoma progression ([@b25-ol-0-0-5057]); therefore, additional investigation of the nuclear expression of EIF5A2 using TMA data consisting of 459 melanocytic lesions was undertaken. The present study revealed that an increase in nuclear EIF5A2 expression was significantly associated with melanoma progression, thickness and AJCC stage. Nuclear EIF5A2 expression was significantly associated with poorer overall and disease-specific 5-year survival rates of all and primary melanoma patients. This may be a result of the direct association identified by the present study between nuclear EIF5A2 expression and melanoma thickness and AJCC stage, which is also consistent with the hypothesis that EIF5A2 is an oncogene in various cancers ([@b35-ol-0-0-5057]). Notably, nuclear expression of EIF5A2 and a combination of nuclear and cytoplasmic expression of EIF5A2 were identified as independent prognostic markers for overall and disease specific 5-year survival of all and primary melanoma patients.

Furthermore, the present study observed a direct association between nuclear EIF5A2 expression and a strong expression of MMP-2, which may demonstrate why nuclear EIF5A2 expression is directly correlated with melanoma thickness and a poorer 5-year survival rate for melanoma patients. In addition, simultaneous negative-moderate MMP-2 expression and loss of nuclear EIF5A2 expression (category 3) was demonstrated to be associated with an improved 5-year survival rate compared with either strong MMP-2 expression and loss of nuclear EIF5A2 expression or positive expression of nuclear EIF5A2 and negative-moderate expression of MMP-2 (category 2). This may possibly be a rational for dual therapeutic targeting of nuclear EIF5A2 and MMP-2 in melanoma patients; however, this requires additional study. The importance of MMP-2 in melanoma has also been demonstrated by other studies. MT1-MMP was demonstrated to increase melanoma cell invasion and motility by activating its target MMP-2 ([@b36-ol-0-0-5057]). Another study identified that expression of activated MMP-2 in a melanoma xenograft model is associated with increased malignancy, highlighting the role of MMP-2 in melanoma invasion and metastasis ([@b37-ol-0-0-5057]).

The present study also compared the nuclear and cytoplasmic EIF5A2 expression in the same cases of melanocytic lesions and revealed a significant association between positive staining of nuclear and cytoplasmic EIF5A2. However, this association is not perfect, which may indicate the differential regulation of nuclear and cytoplasmic EIF5A2 expression in melanoma. Notably, the present results revealed that simultaneous expression of nuclear and cytoplasmic EIF5A2 (category 3) was associated with a poorer survival outcome compared with the expression of only one form of EIF5A2 (category 2), which was associated with an intermediate survival outcome. This suggests that oncogenic properties of nuclear and cytoplasmic EIF5A2 may at least partly differ from each other in melanoma. Therefore, concurrent expression of the two forms (category 3) may have synergistic or additive effects on melanoma progression, metastasis and patient survival. Previous *in vitro* results by the present authors, indicated that EIF5A2 promotes melanoma cell invasion partly via increasing the activity of MMP-2 ([@b25-ol-0-0-5057]). However, further investigation is required to determine which form of EIF5A2 functions this way, and to what extent it is responsible for this role.

To the best of our knowledge, the present study is the first to report the nuclear expression of EIF5A2 and its importance in melanoma. However, the presence of EIF5A2 in the nuclei of HCC cells has been previously demonstrated ([@b24-ol-0-0-5057]). Exportin 4 (Xpo4) is a tumour suppressor that belongs to the importin-β family of nuclear transporters, and EIF5A is known to be a substrate of Xpo4 ([@b8-ol-0-0-5057],[@b38-ol-0-0-5057]). Knockdown of Xpo4 in murine hepatoma cells leads to nuclear accumulation of EIF5A1 and EIF5A2, which significantly increases the *in vitro* proliferation of murine liver progenitor cells ([@b24-ol-0-0-5057]). In a human HCC cell line, XPO4 inactivation was revealed to contribute to tumour maintenance. In the same study, EIF5A2 was required for efficient proliferation of cells lacking XPO4, suggesting the importance of nuclear accumulation of EIF5A2 in mediating the oncogenic effects associated with XPO4 loss ([@b24-ol-0-0-5057]). A similar phenomenon is observed when an increase or decrease in the nuclear accumulation of β-catenin and FOXO affects tumorigenesis as a result of deregulation of the WNT and AKT signalling pathways, respectively ([@b39-ol-0-0-5057]). In addition, nuclear expression of EIF5A2 has also been observed in the human bladder carcinoma 5637 cell line ([@b23-ol-0-0-5057]).

In conclusion, the present study examined the expression profile of nuclear EIF5A2 and revealed that nuclear EIF5A2 expression is increased during melanoma progression and is associated with a poor 5-year survival rate in all melanoma and primary melanoma patients. In addition, the present study identified that nuclear EIF5A2 was an independent prognostic factor for the 5-year survival of all and primary melanoma patients, suggesting that nuclear EIF5A2 may be a potential target candidate for melanoma therapy. Simultaneous expression of cytoplasmic and nuclear EIF5A2 was associated with a poor survival outcome as well. Similar to HCC, the presence of nuclear and cytoplasmic EIF5A2 may be a reason for the existence of a shuttling mechanism between the cytoplasm and nucleus in melanoma. Additional investigation is required to further determine the mechanisms behind the subcellular localization of EIF5A2, the biological functions of nuclear EIF5A2 and its role in the tumorigenesis of melanoma.
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![Synthetic immunogenic peptide against anti-EIF5A2 antibody considerably blocked EIF5A2 staining. For the blocking experiment, anti-EIF5A2 antibody and 10 times concentration of its immunogenic peptide (dilution, 1:10) were incubated together at 4°C the night before immunohistochemical staining. Top panel, magnification ×40; bottom panel, magnification ×100. EIF5A2, eukaryotic translation initiation factor 5A2. Modified from Khosravi *et al* ([@b25-ol-0-0-5057]).](ol-12-05-3089-g00){#f1-ol-0-0-5057}

![Association between nuclear EIF5A2 expression and tumor thickness, AJCC stage and various stages of melanoma progression. (A) Nuclear EIF5A2 expression was significantly higher in melanoma patients with tumour thickness \>2 mm compared with melanoma patients with tumour thickness ≤2 mm (P=0.036; χ^2^ test). (B) Nuclear EIF5A2 expression was significantly higher in advanced stage melanomas (AJCC stages III and IV) compared with early stage melanomas (AJCC stages I and II) (P\<0.001; χ^2^ test). (C and D) Representative images of nuclear EIF5A2 immunohistochemical staining in melanocytic lesions at (C) ×100 and (D) ×400 magnification. Left panel, negative nuclear EIF5A2 staining; right panel, positive nuclear EIF5A2 staining. (E) Nuclear EIF5A2 expression was increased in MM compared with CAN, DN, and PM (P\<0.001; χ^2^ test). Nuclear EIF5A2 expression was also increased in PM compared with CAN and DN (P=0.010 and P=0.026, respectively; χ^2^ test). EIF5A2, eukaryotic translation initiation factor 5A2; AJCC, American Joint Committee on Cancer; CAN, common acquired nevi; DN, dysplastic nevi; PM, primary melanoma; MM, metastatic melanoma; Nuc., nuclear.](ol-12-05-3089-g01){#f2-ol-0-0-5057}

![Kaplan-Meier analysis for the association between nuclear EIF5A2 expression and 5-year survival rates of melanoma patients. (A-D) Nuclear EIF5A2 expression was associated with a poorer overall and disease-specific 5-year survival rate in (A and B) all melanoma patients (P\<0.001, log-rank test) and (C and D) primary melanoma patients (P=0.014 and P=0.015, respectively, log-rank test). EIF5A2, eukaryotic translation initiation factor 5A2; Cum., cumulative.](ol-12-05-3089-g02){#f3-ol-0-0-5057}

![Simultaneous nuclear and cytoplasmic EIF5A2 expression is associated with a poorer 5-year survival rate for melanoma patients. (A) Nuclear EIF5A2 expression directly associates with cytoplasmic EIF5A2 expression in human melanoma (n=382; P\<0.001; χ^2^ test). (B-D) Simultaneous negative expression of nuclear and cytoplasmic EIF5A2 (cat. 1) was significantly associated with a better overall and disease-specific 5-year survival outcome compared with negative nuclear EIF5A2 expression and positive cytoplasmic EIF5A2 expression or positive nuclear EIF5A2 expression and negative cytoplasmic EIF5A2 expression (cat. 2), or positive nuclear and cytoplasmic EIF5A2 expression (cat. 3) in (B and C) all melanoma patients (overall and disease-specific 5-year survival, P\<0.001; log rank test) and (D and E) primary melanoma patients (overall and disease-specific 5-year survival, P=0.002; log rank test). EIF5A2, eukaryotic translation initiation factor 5A2; neg, negative; pos, positive; cat., category; Cum. cumulative.](ol-12-05-3089-g03){#f4-ol-0-0-5057}

![Simultaneous nuclear EIF5A2 expression and strong MMP-2 expression are associated with a poorer 5-year survival rate in melanoma patients. (A) Nuclear EIF5A2 expression was directly associated with strong MMP-2 expression in human melanoma (n=369; P=0.015; χ^2^ test). (B-D) Simultaneous negative nuclear EIF5A2 expression and negative-moderate MMP-2 expression (cat. 1) was significantly associated with a better overall and disease-specific 5-year survival outcome compared with negative nuclear EIF5A2 and strong MMP-2 expression or positive nuclear EIF5A2 and negative-moderate MMP-2 expression (cat. 2), or positive nuclear EIF5A2 and strong MMP-2 expression (cat. 3) in (B and C) all melanoma patients (overall and disease-specific 5-year survival, P\<0.001; log rank test) and (D and E) primary melanoma patients (overall 5-year survival, P\<0.001; disease-specific 5-year survival, P=0.001; log rank test). EIF5A2, eukaryotic translation initiation factor 5A2; MMP-2, matrix metalloproteinase-2; cat., category.](ol-12-05-3089-g04){#f5-ol-0-0-5057}

###### 

Nuclear EIF5A2 staining and clinicopathological characteristics of patients with melanoma.

                                                                     Nuclear EIF5A2 staining                           
  ----------------------------------------------------------- ------ ------------------------- ------------- --------- ------------------------------------------------------
  All melanoma patients                                       382    242 (63.4)                140 (36.6)              
    Age, years                                                                                                 0.533     0.465
      ≤60                                                     198    122 (61.6)                  76 (38.4)             
      \>60                                                    184    120 (65.2)                  64 (34.8)             
    Gender                                                                                                   0.040       0.841
      Male                                                    229    146 (63.8)                  83 (36.2)             
      Female                                                  153      96 (62.7)                 57 (37.3)             
    AJCC stage                                                                                               44.611    \<0.001^[a](#tfn1-ol-0-0-5057){ref-type="table-fn"}^
      I                                                       127      56 (44.1)                 71 (55.9)             
      II                                                      115      67 (58.3)                 48 (41.7)             
      III                                                       54     51 (94.4)                 3 (5.6)               
      IV                                                        86     68 (79.1)                 18 (20.9)             
  Primary melanoma patients                                   242    123 (50.8)                119 (49.2)              
    Age, years                                                                                                 1.349     0.245
      ≤61                                                     123      58 (47.2)                 65 (52.8)             
      \>61                                                    119      65 (54.6)                 54 (45.4)             
    Gender                                                                                                     1.413     0.235
      Male                                                    133      63 (47.4)                 70 (52.6)             
      Female                                                  109      60 (55.0)                 49 (45.0)             
  Tumor thickness, mm                                                                                          4.398     0.036
      ≤2                                                      134      60 (44.8)                 74 (55.2)             
      \>2                                                     108      63 (58.3)                 45 (41.7)             
    Ulceration                                                                                                 0.705     0.401
      Absent                                                  194      96 (49.5)                 98 (50.5)             
      Present                                                   48     27 (56.2)                 21 (43.8)             
    Subtype                                                                                                    2.843     0.416
      Lentigo maligna                                           37     21 (56.8)                 16 (43.2)             
      Superficial spreading                                     89     39 (43.8)                 50 (56.2)             
      Nodular                                                   41     22 (53.7)                 19 (46.3)             
      Unspecified                                               75     41 (54.7)                 34 (45.3)             
    Tumor site^[b](#tfn2-ol-0-0-5057){ref-type="table-fn"}^                                                    0.029     0.865
      Sun-protected                                           188      95 (50.5)                 93 (49.5)             
      Sun-exposed                                               54     28 (51.9)                 26 (48.1)             
  Metastatic melanoma patients                                140    119 (85.0)                  21 (15.0)             
    Age, years                                                                                                 0.248     0.618
      ≤59                                                       73     61 (83.6)                 12 (16.4)             
      \>59                                                      67     58 (86.6)                 9 (13.4)              
  Gender                                                                                                       0.510     0.475
      Male                                                      96     83 (86.5)                 13 (13.5)             
      Female                                                    44     36 (81.8)                 8 (18.2)              

Comparison between AJCC stage I and II, and III and IV using the χ^2^ test.

Sun-protected sites include the trunk, arm, leg and feet; sun-exposed sites include the head and neck. EIF5A2, eukaryotic translation initiation factor 5A2; AJCC, American Joint Committee on Cancer.

###### 

Univariate Cox regression analysis on 5-year overall and disease-specific survival rates of 382 total melanoma and 242 primary melanoma patients.

                                                                              Overall survival   Disease-specific survival                                                                       
  ----------------------------------------------------------- --------------- ------------------ --------------------------- ------------------- --------- ------ ------- ---------------------- ---------
  All melanoma patients                                         382 (100.0)   160                                                                          152                                   
    Nuclear EIF5A2 expression                                                                                                                                                                    
      Negative                                                140 (36.6)        37               26.4                        1.00                \<0.001     35   25.0    1.00                   \<0.001
      Positive                                                242 (63.4)      123                50.8                        2.26 (1.57--3.27)             117    48.3    2.27 (1.56--3.31)      
    Age, years                                                                                                                                                                                   
      ≤60                                                     198 (51.8)        79               39.9                        1.00                0.426       77   38.9    1.00                     0.648
      \>60                                                    184 (48.2)        81               44.0                        1.13 (0.83--1.55)               75   40.1    1.08 (0.78--1.48)      
    Gender                                                                                                                                                                                       
      Male                                                    229 (60.0)        99               43.2                        1.00                0.616       93   40.1    1.00                     0.755
      Female                                                  153 (40.0)        61               39.9                        0.92 (0.67--1.27)               59   38.6    0.95 (0.68--1.32)      
    AJCC stage                                                                                                                                                                                   
      I--II                                                   242 (63.4)        58               24.0                        1.00                \<0.001     53   22.0    1.00                   \<0.001
      III--IV                                                 140 (36.6)      102                72.9                        5.07 (3.66--7.03)               99   70.7    5.37 (3.84--7.53)      
  Primary melanoma patients                                   242 (63.4)        58                                                                           53                                  
    Nuclear EIF5A2 expression                                                                                                                                                                    
      Negative                                                119 (49.2)        20               16.8                        1.00                0.015       18   15.1    1.00                     0.017
      Positive                                                123 (50.8)        38               30.9                        1.95 (1.14--3.36)               35   28.5    2.00 (1.13--3.53)      
    Age, years                                                                                                                                                                                   
      ≤61                                                     123 (50.8)        19               15.4                        1.00                0.002       19   15.4    1.00                     0.010
      \>61                                                    119 (49.2)        39               32.8                        2.41 (1.39--4.17)               34   28.6    2.10 (1.20--3.69)      
  Gender                                                                                                                                                                                         
      Male                                                    133 (55.0)        31               23.3                        1.00                0.749       28   21.1    1.00                     0.733
      Female                                                  109 (45.0)        27               24.8                        1.07 (0.64--1.80)               25   22.9    1.10 (0.64--1.88)      
    Ulceration                                                                                                                                                                                   
      Absent                                                  194 (80.2)        30               15.5                        1.00                \<0.001     26   13.4    1.00                   \<0.001
      Present                                                   48 (19.8)       28               58.3                        5.38 (3.20--9.03)               27   56.3      6.00 (3.49--10.31)   
    Tumor thickness, mm                                                                                                                                                                          
      ≤2                                                      134 (55.4)        11                 8.2                       1.00                \<0.001     9      6.7   1.00                   \<0.001
    Tumor site^[b](#tfn4-ol-0-0-5057){ref-type="table-fn"}^                                                                                                                                      
      Sun-protected                                           188 (77.7)      45                 23.9                        1.00                0.892     43     22.9    1.00                   0.460
      Sun-exposed                                             54 (22.3)       13                 24.1                        0.96 (0.52--1.78)             10     18.5    0.77 (0.39--1.54)      
    Subtype                                                                                                                                                                                      
      Others                                                  153 (63.2)      42                 27.5                        1.00                0.129     38     24.8    1.00                   0.177
      Superficial spreading                                   89 (36.8)       16                 18.0                        1.56 (0.88--2.78)             15     16.9    1.51 (0.83--2.74)      

Log rank test.

Sun-protected sites include trunk, arm, leg and feet; sun-exposed sites include head and neck. EIF5A2, eukaryotic translation initiation factor 5A2; AJCC, American Joint Committee on Cancer; CI, confidence interval; HR, hazard ratio.

###### 

Multivariate Cox regression analysis indicating that nuclear EIF5A2 expression is an adverse independent prognostic marker for 5-year survival rates of melanoma patients.

                                       Overall survival   Disease-specific survival                                                                              
  ------------------------------------ ------------------ --------------------------- ------- -------------- --------- --------- ------- ------- --------------- ---------
  All melanoma (n=382)                                                                                                                                           
    Nuclear EIF5A2 (neg vs. pos)         0.576            0.194                       1.778   1.22--2.60       0.003     0.575   0.199   1.777   1.20--2.62        0.004
    Age (≤60 vs. \>60 years)             0.099            0.159                       1.104   0.81--1.51       0.534     0.050   0.163   1.052   0.76--1.45        0.758
    Gender (male vs. female)             0.168            0.169                       1.183   0.85--1.65       0.319     0.206   0.173   1.229   0.88--1.72        0.232
    AJCC stage (1 + 2 + 3 vs. 4)         1.174            0.173                       3.236   2.31--4.54     \<0.001     1.215   0.177   3.372   2.38--4.77      \<0.001
  Primary melanoma (n=242)                                                                                                                                       
    Nuclear EIF5A2 (neg vs. pos)         0.578            0.286                       1.783   1.02--3.12       0.043     0.643   0.300   1.902   1.06--3.43        0.032
    Age (≤61 vs. \>61 years)             0.269            0.298                       1.309     0.73--2.35     0.367     0.080   0.307   1.083   0.59--1.98        0.795
    Gender (male vs. female)           −0.107             0.276                       0.899     0.52--1.55     0.699   −0.110    0.288   0.896   0.51--1.58        0.704
    Ulceration (absent vs. present)      1.134            0.297                       3.109     1.74--5.57   \<0.001     1.269   0.310   3.559   1.94--6.54      \<0.001
    Thickness (≤2 vs. \>2 mm)            1.410            0.362                       4.095     2.01--8.33   \<0.001     1.563   0.394   4.772     2.20--10.34   \<0.001
    Site (sun-protected vs. exposed)   −0.335             0.322                       0.715     0.38--1.34     0.298   −0.556    0.358   0.573   0.28--1.16        0.120
    Subtype (superficial vs. others)     0.052            0.301                       1.054     0.58--1.90     0.862     0.012   0.313   1.012   0.55--1.87        0.969

EIF5A2, eukaryotic translation initiation factor 5A2; AJCC, American Joint Committee on Cancer; pos, positive; neg, negative; β, regression coefficient; SE, standard error of β; HR, hazard ratio; CI, confidence interval; superficial, superficial spreading.

###### 

Multivariate Cox regression analysis indicating that the simultaneous expression of cytoplasmic and nuclear EIF5A2 is an adverse independent prognostic marker for 5-year survival rates of melanoma patients.

                                       Overall survival   Disease-specific survival                                                                           
  ------------------------------------ ------------------ --------------------------- ------- -------------- --------- --------- ------- ------- ------------ ---------
  All melanoma (n=382)                                                                                                                                        
    EIF5A2 (cat. 1 + 2 vs. 3)            0.626            0.184                       1.871   1.31--2.68       0.001     0.614   0.188   1.848   1.28--2.67     0.001
    Age (≤60 vs. \>60 years)             0.112            0.159                       1.118   0.82--1.53       0.483     0.063   0.163   1.065   0.77--1.47     0.698
    Gender (male vs. female)             0.195            0.170                       1.216   0.87--1.70       0.251     0.234   0.174   1.264   0.90--1.78     0.178
    AJCC stage (1 + 2 + 3 vs. 4)         1.169            0.174                       3.220   2.29--4.52     \<0.001     1.214   0.178   3.365   2.38--4.77   \<0.001
  Primary melanoma (n=242)                                                                                                                                    
    EIF5A2 (cat. 1 + 2 vs. 3)            0.699            0.284                       2.012   1.15--3.51       0.014     0.745   0.299   2.107   1.17--3.78     0.013
    Age (≤61 vs. \>61 years)             0.328            0.299                       1.388     0.77--2.50     0.273     0.132   0.309   1.141   0.62--2.09     0.670
    Gender (male vs. female)           −0.128             0.277                       0.880     0.51--1.51     0.644   −0.125    0.289   0.882   0.50--1.55     0.665
    Ulceration (absent vs. present)      1.107            0.296                       3.026     1.69--5.41   \<0.001     1.245   0.310   3.472   1.89--6.37   \<0.001
    Thickness (≤2 vs. \>2 mm)            1.355            0.363                       3.876     1.90--7.89   \<0.001     1.505   0.395   4.506   2.08--9.77   \<0.001
    Site (sun-protected vs. exposed)   −0.352             0.320                       0.704     0.38--1.32     0.272   −0.573    0.356   0.564   0.28--1.13     0.108
    Subtype (superficial vs. others)     0.054            0.301                       1.056     0.59--1.90     0.857     0.015   0.312   1.015   0.55--1.87     0.962

Category 1, negative cytoplasmic and nuclear EIF5A2 staining; category 2, negative cytoplasmic and positive nuclear EIF5A2 staining or positive cytoplasmic and negative nuclear EIF5A2 staining; category 3, positive cytoplasmic and nuclear EIF5A2 staining. EIF5A2, eukaryotic translation initiation factor 5A2; AJCC, American Joint Committee on Cancer; cat., category; β, regression coefficient; SE, standard error of β; HR, hazard ratio; CI, confidence interval; Nuc., nuclear; Cyt., cytoplasmic; superficial, superficial spreading.
